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“Two things fill the mind with ever-increasing wonder… the starry heavens above me and the moral law within me.” 
– Immanuel Kant, Critique of Practical Reason (1788) 
,QWURGXFWLRQ
0RGHOVDUHHVVHQWLDOWRROVLQV\VWHPGHVLJQDQGDUHXVHGE\DQDO\VWVDQGHQJLQHHUVWKURXJKRXWWKHGHVLJQSURFHVV
$NH\ IXQFWLRQRIPRGHOV LV WR JHQHUDWH GDWDZKHQ HPSLULFDO VRXUFHV DUH QRW DYDLODEOH WKLV GDWD LV WKHQXVHGE\
VWDNHKROGHUV WR GLVFHUQ DPRQJ SRWHQWLDO DOWHUQDWLYHV 7KLV SDSHU H[SORUHV WKH FKDOOHQJH RI EXLOGLQJ WUXVW DQG WKH
SUREOHPRI EXLOGLQJ WUXWKIXOQHVV LQ WKHPRGHOV XVHG WR UHSUHVHQW WKH SHUIRUPDQFHRI HQJLQHHULQJ V\VWHPV ,W DOVR
H[DPLQHVWKHFKDOOHQJHRIEXLOGLQJWUXVWDQGWKHSUREOHPRIEXLOGLQJWUXWKIXOQHVVLQPRGHOVWKDWUHSUHVHQWWKHYDOXH
WKDW VWDNHKROGHUV DWWULEXWH WR VXFK SHUIRUPDQFH 7KH GHVLJQSHUIRUPDQFHYDOXH ORRS KHUHDIWHU UHIHUUHG WR DV WKH
³GHVLJQORRS´LVGLVFXVVHGDQGDIUDPHZRUNLVGHOLQHDWHGIRUWKHFRPSDULVRQRILPSRUWDQWPRGHOW\SHVLQYROYHGDW
YDULRXVVWDJHVLQWKHGHVLJQORRSSHUIRUPDQFHYYDOXHPHQWDOYFRQVWUXFWHG7KHSUREOHPRIEXLOGLQJWUXVWDQG




,Q WKH FRQFHSWXDO GHVLJQ SKDVH RI PRGHUQ HQJLQHHULQJ V\VWHPV DQDO\VWV DUH FRQIURQWHG ZLWK H[SORULQJ DQG
UHSUHVHQWLQJVHYHUDO OD\HUVRIFRPSOH[LQIRUPDWLRQDERXW WKHGHVLJQDOWHUQDWLYHV WKH\DUHFRQVLGHULQJ5KRGHVDQG
5RVV  RXWOLQH ILYH W\SHV RI FRPSOH[LW\ LQ HQJLQHHULQJ V\VWHPV VWUXFWXUDO UHODWHG WR V\VWHPV¶ IRUPV
EHKDYLRUDO V\VWHPV¶ RSHUDWLRQV FRQWH[WXDO HQYLURQPHQW LQ ZKLFK WKH V\VWHPV RSHUDWH WHPSRUDO V\VWHPV
FKDQJLQJ RYHU WLPH DQG SHUFHSWXDO VWDNHKROGHU SUHIHUHQFHV RQ V\VWHPV¶ SHUIRUPDQFH RXWFRPHV *LYHQ WKHVH
FRPSOH[LWLHV QRW RQO\ LV LW GLIILFXOW WRPRGHO WKH SHUIRUPDQFH RI D V\VWHP WKDW GRHV QRW \HW H[LVW EXW DOVR LW LV







1.2. The Design Loop 
&RQFHSWXDO GHVLJQ RI FRPSOH[ V\VWHPV LQYROYHV D GHVLJQSHUIRUPDQFHYDOXH ORRS VHH )LJ  )LUVW D GHVLJQ
VSDFHRIDOWHUQDWLYHVLVJHQHUDWHGEDVHGRQDSUHOLPLQDU\XQGHUVWDQGLQJRIVWDNHKROGHUQHHGV(DFKGHVLJQDOWHUQDWLYH
LV PDSSHG RQWR D SHUIRUPDQFH VSDFH VSDQQHG E\ DWWULEXWHV RI LQWHUHVW TXDQWLILHG E\ D FRQVWUXFWHG SHUIRUPDQFH
Fig.1.IllustrationofthedesignͲperformanceͲvalueloop.
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1.3. Artificial Data in the Design Loop 
(QJLQHHUVGHVLJQLQJFRPSOH[V\VWHPVRIWKHIXWXUHDUHRIWHQIRUFHGWRXVHFRPSOLFDWHGPRGHOVDQGVLPXODWLRQVLQ




LGHQWLFDO RU HYHQVLPLODU V\VWHPPD\\HW H[LVW$VD UHVXOW WKHDUWLILFLDOGDWD DVZHOO DV WKHPRGHO ³FDQQRWEH
FODVVLILHGDVDFFXUDWHRULQDFFXUDWHLQDQ\DEVROXWHVHQVH´7KXVDUWLILFLDOGDWDVWDQGVLQVWDUNFRQWUDVWWRHPSLULFDO
GDWDHJWHPSHUDWXUHUHDGLQJVKLVWRULFDOVWRFNSULFHVZKLFKLVGLUHFWO\PHDVXUHGDQGWKHUHE\KROGVDSRWHQWLDOO\

















DUWLILFLDO GDWD IURP WKH SHUIRUPDQFH PRGHOV DV ZHOO DV WKH YDOXH PRGHOV VWDNHKROGHUV DQG GHVLJQ HQJLQHHUV DUH
LQKHUHQWO\FRQFHUQHGZLWKWKHIROORZLQJTXHVWLRQV$UHWKHPRGHOVWUXWKIXO"'R,WUXVWWKHPRGHOV"
0RGHO3XUSRVHDQG0RGHO7\SH
)RU WKH UHPDLQGHU RI WKH SDSHU ± DQG LQ WKH FRQWH[W RI FRPSOH[ HQJLQHHULQJ V\VWHPV GHVLJQ ± WZR PHWD
GLPHQVLRQV RI PRGHOV DUH H[SORUHG PRGHO SXUSRVH DQG PRGHO W\SH 0RGHO SXUSRVH FDQ EH WR SUHGLFW WKH
performanceRIWKHV\VWHPLHSHUIRUPDQFHPRGHORUWKHvalueVWDNHKROGHUVDVVLJQWRWKDWSHUIRUPDQFHLHYDOXH
PRGHO DV UHIOHFWHG LQ )LJ 0RGHO W\SH GLIIHUHQWLDWHV EHWZHHQZKHUH WKH DEVWUDFWLRQ RI UHDOLW\ RU RI YDOXHV
UHVLGHV Dmental PRGHO ³UHSUHVHQWV HQWLWLHV DQG SHUVRQV HYHQWV DQG SURFHVVHV DQG WKH RSHUDWLRQV RI FRPSOH[
V\VWHPV´DQGUHVLGHVLQWKHPLQGDconstructed PRGHOLVDIRUPDOL]DWLRQRIRQHRUPRUHPHQWDOPRGHOVDQGLW
FDQUHVLGHIRUH[DPSOHLQDFRPSXWHUVLPXODWLRQRURQDSLHFHRISDSHULQWKHIRUPRIDGLDJUDP0HQWDOPRGHOV
DERXW UHDOLW\ DUH FUHDWHG DXWRPDWLFDOO\ WKURXJK SHUFHSWLRQ DQG FRJQLWLRQ ZKHUHDV FRQVWUXFWHG PRGHOV DUH
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Table1:Matrixillustratingdifferentkindsofmodels.
  3XUSRVH

















2.1. The Performance Models 
$VGLVFXVVHG LQ WKHSHUIRUPDQFHPRGHO IRU D V\VWHP LV DQDWWHPSW WR UHSUHVHQW VRPH UHOHYDQWSRUWLRQRI
UHDOLW\DQGSUHGLFWWKHRXWFRPHVRILQWHUHVWWKDWZLOORFFXULQWKDWSRUWLRQRIUHDOLW\$VQRWHGLQWKHPDWUL[DERYH
WZRGLVWLQFWW\SHVRISHUIRUPDQFHPRGHOVDUHSUHVHQWWKURXJKRXWWKHGHVLJQSURFHVVmental DQGconstructed PRGHOV







2.2. The Value Models 
7KHYDOXHPRGHOGLVFXVVHG LQ LVDQDWWHPSW WRFDSWXUH VWDNHKROGHUSUHIHUHQFHVRQSHUIRUPDQFH LH WKHLU
YDOXHV)LVFKRIIGLVFXVVHVDVSHFWUXPRISKLORVRSKLHVZLWKUHJDUGWRWKHQDWXUHDQGHOLFLWDWLRQRIYDOXHV
2QWKHRQHHQGRIWKHVSHFWUXPLVWKHSKLORVRSK\RIDUWLFXODWHGYDOXHVZKLFKDVVXPHVWKDWYDOXHVDUHVHOIHYLGHQWLQ
SHRSOH¶V FKRLFHV7KLVSKLORVRSK\ LV LQWULQVLF IRU H[DPSOH LQ VRPHYDOXDWLRQPHWKRGVXVHGE\ HFRQRPLVWV HJ
HPSLULFDOHVWLPDWHVRIDGHPDQGFXUYHRURIWKHYDOXHRIOLIH2QWKHRWKHUHQGRIWKHVSHFWUXPLVWKHSKLORVRSK\
RI EDVLF YDOXHV ZKLFK GHULYHV YDOXH PRGHOV IURP VRPH FRUH VHW RI YDOXHV WKURXJK DQ LQIHUHQWLDO SURFHVV HJ
LQWHUYLHZV7KLVSDSHUDVVXPHVDEDVLFYDOXHSKLORVRSK\DVLWEHVWDSSUR[LPDWHVD³UHTXLUHPHQWVEDVHG´DSSURDFK
FRPPRQ LQ V\VWHPVHQJLQHHULQJ$GGLWLRQDOO\ WKH ULVNVRI VXFKDQDVVXPSWLRQDUHSRWHQWLDOO\ OHVV LPSDFWIXO WRD
GHVLJQRXWFRPH WKDQ WKHDVVXPSWLRQRI DUWLFXODWHGYDOXHV)URP WKLV VWDQGSRLQW WKHSDSHU H[SORUHV WKH UHVXOWLQJ
UROH RI WKH PHQWDO PRGHOV DQG WKH FRQVWUXFWHG PRGHOV LQ DFFXUDWHO\ UHSUHVHQWLQJ VWDNHKROGHUV¶ YDOXHV 2WKHU
LQWHUPHGLDWHSRVLWLRQVH[LVWRQWKHVSHFWUXPVXFKDVWKDWRISDUWLDOSHUVSHFWLYHV
:LWK WKLVXQGHUVWDQGLQJDQGDVVXPSWLRQDYDOXHPRGHOFDQEHXVHG WRSUHGLFW WKHSUHIHUHQWLDORUGHURIGHVLJQ
DOWHUQDWLYHV6XFKDPRGHODVVXPHV WKDWVRPHDSSUR[LPDWLRQFDQEHFUHDWHG IRUDVWDNHKROGHU¶VEDVLFYDOXHV7KH
mental YDOXH PRGHO FDQ EH GHVFULEHG DV WKH VWDNHKROGHU¶V RZQ grasp RI ZKDW LV LPSRUWDQW WR WKHP DQG KRZ
LPSRUWDQWLWLVLHWKHGHFLVLRQPDNLQJFULWHULDDQGWKHLUUHVSHFWLYHZHLJKWVWKH\FDUU\IRUWKHGHFLVLRQ6LPLODUWR
WKHFDVHRISHUIRUPDQFHPRGHOVDconstructedYDOXHPRGHOFDQVWRUHRQHRUPRUHPHQWDOPRGHOVRIYDOXHV
:LWKLQ WKH FRQWH[W RI FRPSOH[ V\VWHP GHVLJQ WKHUH DUH XVXDOO\ WRR PDQ\ DOWHUQDWLYHV IRU D VWDNHKROGHU WR
HYDOXDWH ,Q DGGLWLRQ WKHPDQ\ GLPHQVLRQV RI YDOXH DQG WKHLU LQWHUDFWLRQV DUH RIWHQ EH\RQG WKH FDSDELOLW\ RI D
VWDNHKROGHU¶V PHQWDO YDOXH PRGHO GXH WR bounded valuation ± LH ERXQGHG UDWLRQDOLW\ DSSOLHG WR WKH
GHVFULSWLRQSUHGLFWLRQRISUHIHUHQFHV)RUWKHSUREOHPRIGHFLGLQJDPRQJWRRPDQ\DOWHUQDWLYHVDFRQVWUXFWHGYDOXH
PRGHOFDQVHUYHDVD³VWDQGLQ´IRUWKHVWDNHKROGHU¶VPHQWDOYDOXHPRGHOV6LPLODUO\IRUWKHSUREOHPRIERXQGHG
YDOXDWLRQ D FRQVWUXFWHGYDOXHPRGHO FDQ VHUYH DV D UHOLDEOHSUHGLFWRU IRU DSRWHQWLDOO\RYHUZKHOPHGRU FRQIXVHG









3.1. Vis-à-vis Performance and Value Models 
)RUWKHSHUIRUPDQFHPRGHOXVHGLQWKHGHVLJQORRSVHH)LJWKHWKUHHHOHPHQWVLH³ERGLHV´LQYROYHGDUH
FRQVWUXFWHG PRGHO PHQWDO PRGHO DQG D UHIHUHQFH SRLQW EHLQJ reality 7KH WKUHHERG\ SUREOHP WKXV IRUPHG LV
GHSLFWHG EHORZ LQ )LJ DZKHUHǻ3 DQGǻ3 UHSUHVHQW 6LPRQ¶V ³HVVHQWLDO GLIIHUHQFH´ RI WKHPHQWDOPRGHO DQG
FRQVWUXFWHGPRGHOIURPUHDOLW\ UHVSHFWLYHO\$VGLVFXVVHG LQDQGFRQVWUXFWHGSHUIRUPDQFHPRGHOVDUH
IRUPHG WR H[WHQG WKHERXQGVRIKXPDQ UDWLRQDOLW\ ,Q WKH FRQWH[WRI)LJD FODVVLFPRGHOYDOLGDWLRQ LV WKHQ WKH
SURFHVVRI UHGXFLQJǻ3 LH LQFUHDVLQJ WUXWKIXOQHVV6LQFH WKHUHIHUHQFHRI UHDOLW\ LVREMHFWLYH±DOEHLWFKDQJLQJ
HJ JHRSROLWLFDO VKLIWV WHFKQRORJ\ DGYDQFHPHQW ± WKH FRQVWUXFWHGPRGHO FDQ EHPRGLILHG LQ RUGHU WR ³EHWWHU´









 GHVFULEHV WZR GLIIHUHQW ZD\V LQ ZKLFK D PHQWDO PRGHO FDQ EH IRUPHG IDVW DXWRPDWLF HPRWLRQDO DQG

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'LIILFXOWLHV DULVH LQ DQ\ DWWHPSW WR UHGXFH WKH ǻ¶V SUHVHQW LQ ERWK WKH SHUIRUPDQFH DQG YDOXHPRGHOV ,Q WKH
SHUIRUPDQFH PRGHO EDUULHUV WR UHGXFLQJ ǻ3 LH FRQVWUXFWHG PRGHO YDOLGDWLRQ LQFOXGH ODFN RI H[SHULHQFH RU
H[LVWHQFHRIDSSURSULDWHDEVWUDFWLRQVHJPRGHOLQJIOXLGG\QDPLFVEHIRUHWKHLQFHSWLRQRIFDOFXOXVZKLFKOHDGVWR
XQWUXWKIXO FRQVWUXFWHG SHUIRUPDQFH PRGHOV %DUULHUV WR UHGXFLQJ ǻ3 LQFOXGH D ODFN RI WUXVW LQ WKH FRQVWUXFWHG





YDOXH PRGHO RYHU DQRWKHU FKRRVLQJ XWLOLW\ IXQFWLRQV WR UHSUHVHQW D VWDNHKROGHU¶V YDOXHV PD\ OHDG WR GLIIHUHQW
UHVXOWVWKDQLIXVLQJDQ$+3PRGHO)LQDOO\VLQFHǻ9FDQRQO\EHLQGLUHFWO\REVHUYHGWKURXJKǻ9DQGǻ9WKH
EDUULHUVWRUHGXFLQJǻ9LQFOXGHWKHEDUULHUVLQKHUHQWWRUHGXFLQJǻ9DQGǻ9
































7KH WUDGLWLRQDO HDUO\ V\VWHP GHVLJQ SURFHVV FRQVLVWV RI YDOLGDWLQJ FRQVWUXFWHG SHUIRUPDQFH PRGHOV DQG WKH
PDWUL[GHVFULEHVWKHSRVVLEOHRXWFRPHVRIWKLVSURFHVV7KHWRSOHIWTXDGUDQWRIWKHPDWUL[LVWKHGHVLUDEOH RXWFRPH
RIWKHPRGHOFRQVWUXFWLRQYDOLGDWLRQSURFHVV7KHUHH[LVWWKUHHRWKHUSRWHQWLDORXWFRPHVWRVXFKDFWLYLWLHVKRZHYHU
UDQJLQJ IURP MXVWLILHGPLVWUXVW RI DQXQWUXWKIXOPRGHO ERWWRP ULJKW WR DQXQWUXVWHGEXW WUXWKIXOPRGHO ERWWRP
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OHIW WR D WUXVWHG DQG XQWUXWKIXO PRGHO XSSHU ULJKW 7KHVH RXWFRPHV DUH DQDORJRXV WR QXOO K\SRWKHVLV WHVWV LQ
VWDWLVWLFVZLWKDVVRFLDWHGHUURUVRIFRQFOXVLRQ

















7\SH , HUURUV LQ WKLV FDVHZRXOGRFFXUZKHQFRJQLWLYHELDVHV DUHSUHVHQW LQ WKHPHQWDOPRGHORIYDOXHV DQG WKH
WUXVWHG FRQVWUXFWHG PRGHO UHIOHFWV WKRVH ELDVHV RU ZKHQ D VWDNHKROGHU VHWV UHTXLUHPHQWV LQDSSURSULDWHO\ $Q
DFFHSWDEOHVLWXDWLRQ LVDJDLQ WKH ORZHU ULJKWTXDGUDQWRI WKHPDWUL[ZKHUHQRWPDNLQJDQ\GHFLVLRQ LV MXVWLILDEOH
7\SH ,, HUURUV FDQRFFXUZKHQ WKHPHQWDO YDOXHPRGHO LV D WUXWKIXO UHSUHVHQWDWLRQRIYDOXHV EXW WKH FRQVWUXFWHG



























3.3. Interactive Visualization for Delta Reductions in the Value Models 
&RQVLGHULQJWKHPDWUL[LOOXVWUDWHGLQ7DEOHWKHJRDOLVWRHQGXSLQWKHXSSHUOHIWTXDGUDQWZKLFKLPSOLHVWKH
UHGXFWLRQRIERWKǻ9DQGǻ9 DQG WKHPDNLQJRI DJRRGGHFLVLRQ6HYHUDOPHWKRGVH[LVW IRU UHGXFLQJǻ9 HJ
UHGXFLQJFRJQLWLYHELDVHVZKHQDEDVLFYDOXHVSKLORVRSK\LVDVVXPHG2QHSURSRVHGPHWKRGLVWRDOORZDSHUVRQWR
VLPXODWH³DFWXDOO\´PDNLQJDGHFLVLRQEHWZHHQDOWHUQDWLYHVDQGWKHQQRWHDQ\UHJUHWVWKDWWKH\PD\KDYHDERXWWKHLU
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/LNHZLVHPHWKRGVH[LVWIRUUHGXFLQJǻ9LHEXLOGLQJWUXVWZKHQDEDVLFYDOXHVSKLORVRSK\LVDVVXPHG2QH
PHWKRG LV D ULJRURXV LQWHUYLHZSURFHVV IRU WKH FRQVWUXFWLRQ RI XWLOLW\ IXQFWLRQVZKLFK UHGXFH IUDPLQJ DQG RWKHU
ELDVHV WKDW PD\ EH SUHVHQW LQ VWDQGDUG UHTXLUHPHQWVDVYDOXHVWDWHPHQWV DSSURDFKHV $QRWKHU PHWKRG LV GLUHFW
FRPSDULVRQRIDSHUVRQ¶VUDQNHGOLVWRIDOWHUQDWLYHVZLWKDUDQNHGOLVWSURGXFHGE\FRQVWUXFWHGYDOXHPRGHOVHJ




DORQJVLGH LWV RXWFRPHV HJ UDQNHG OLVW RI GHVLJQ DOWHUQDWLYHV  DOORZLQJ UHDOWLPH PRGLILFDWLRQV WR WKH
FRQVWUXFWHGPRGHO HJ VLPXODWLQJGLIIHUHQWVHWVRISUHIHUHQFHVDQGSURYLGLQJ LQVWDQW IHHGEDFNRQ WKHQHZO\
FKDQJHGFRQVWUXFWHGPRGHODVZHOODVSURYLGLQJFRPSDULVRQRIWKHQHZUHVXOWVZLWKSUHYLRXVUHVXOWV(DFKRIWKHVH
VWHSV SRWHQWLDOO\ DOORZV D XVHU WR VLPXODWHPDNLQJ D GHFLVLRQ REVHUYH WKHLUPHQWDOPRGHO RI YDOXHV SURSDJDWLQJ




,Q WKHFRQWH[WRI WKHPDWUL[VKRZQLQ7DEOH WKLV LWHUDWLYHSURFHVVWKURXJK LQWHUDFWLYHYLVXDOL]DWLRQRIGHOWD
UHGXFWLRQVMXVWGHVFULEHGWUDFHVDFORFNZLVHWUDMHFWRU\UHJDUGOHVVRIWKHVWDUWLQJORFDWLRQ)RUH[DPSOHLIWKHLQLWLDO
FRQVWUXFWHG YDOXHPRGHO LV WUXWKIXO EXW XQWUXVWHG WKH VWDNHKROGHU ULVNV D 7\SH ,, HUURU LQ WKH GHFLVLRQ RXWFRPH
,QWHUDFWLYHYLVXDOL]DWLRQDOORZVDVWDNHKROGHUWRREVHUYHWKHFRQVWUXFWHGPRGHO¶VSUHGLFWLRQVDQGFRPSDUHWKHPZLWK
KLVPHQWDOPRGHO WKXV EXLOGLQJ WUXVW LQ WKH FRQVWUXFWHGPRGHO DQG SXVKLQJ WKH RXWFRPH WRZDUG WKH WRS OHIW ± D
FRQVWUXFWHG YDOXHPRGHO WKDW LV ERWK WUXVWHG DQG WUXWKIXO $OWHUQDWLYHO\ LI WKH LQLWLDO FRQVWUXFWHG YDOXHPRGHO LV




PRGHO LVXQWUXWKIXOEXW WUXVWHG WKH VWDNHKROGHU ULVNVD7\SH , HUURU LQ WKHGHFLVLRQRXWFRPH7KURXJK LQWHUDFWLYH
YLVXDOL]DWLRQWKHHUURUVZLOOTXLFNO\EHFRPHFOHDUDVDOUHDG\GLVFXVVHGLPPHGLDWHO\FDXVLQJSURSHUPLVWUXVWRIWKH
FRQVWUXFWHGPRGHO SXVKLQJ WKH RXWFRPH WRZDUG WKHERWWRP ULJKWTXDGUDQW)URP WKHUH WKH LWHUDWLYH SURFHVVZLOO
IROORZWKHFORFNZLVHWUDMHFWRU\HQGLQJLQDFRQVWUXFWHGPRGHOWKDWLVERWKWUXVWHGDQGWUXWKIXO
3.4. Case Demonstration 
,QWKLVVHFWLRQDGHFLVLRQDERXWWKHGHVLJQRID6SDFH7XJV\VWHPLVXVHGDVDFDVHGHPRQVWUDWLRQRISDUWRIWKH
LQWHUDFWLYHSURFHVVGHVFULEHGLQ7KH6SDFH7XJV\VWHPLVDK\SRWKHWLFDOVDWHOOLWHVHUYLFHUWHQGHUSURSRVHGWR
SHUIRUPYDULRXVPLVVLRQV LQRUELW DURXQG WKH(DUWK7KHYLVXDOL]DWLRQ WRROXVHG IRU WKH FDVHGHPRQVWUDWLRQZDV
FUHDWHGZLWKZHEWHFKQRORJLHV'-DYDVFULSW+70/&66DQGLWUXQVLQZHEEURZVHUVVXFKDV*RRJOH&KURPHDQG
0R]LOOD)LUHIR[7KHWRROSUHVHQWVDWUDGHVSDFHRIGHVLJQVZLWKFRVWRQWKH[D[LVDQGPXOWLDWWULEXWHXWLOLW\0$8
RQ WKH \D[LV)XUWKHUPRUH LW IHDWXUHV DPRGLILDEOH VHW RI VWDNHKROGHUSUHIHUHQFHV VLQJOH DWWULEXWHXWLOLW\ FXUYHV
6$8 RYHU GHVLJQ SHUIRUPDQFH ± LH D FRQVWUXFWHG PRGHO RI YDOXH 0RYLQJ DQFKRU SRLQWV RQ WKH LQGLYLGXDO
SUHIHUHQFHFXUYHVWULJJHUVDUHFDOFXODWLRQRIWKH0$8ZKLFKLVLPPHGLDWHO\UHIOHFWHGRQWKHWUDGHVSDFHWKURXJKD
VPRRWK ' WUDQVLWLRQ ,QGLYLGXDO GHVLJQV RQ WKH WUDGHVSDFH FDQ EH VHOHFWHG IRU IXUWKHU LQTXLU\ DQG WKHLU
SHUIRUPDQFHOHYHOVDUHDOVRGLVSOD\HGDVYHUWLFDOOLQHVRQHDFKDWWULEXWH¶VVLQJOHDWWULEXWHXWLOLW\SORW
,Q RUGHU WR SHUIRUP WKH 6SDFH 7XJ FDVH GHPRQVWUDWLRQ D SUHYLRXVO\ FRQVWUXFWHG SK\VLFVEDVHG SHUIRUPDQFH
PRGHO RI WKH V\VWHP KDV EHHQ XVHG 8VLQJ WKLV PRGHO RYHU  GLIIHUHQW 6SDFH 7XJ GHVLJQV DUH HYDOXDWHG
)XUWKHUPRUHDSHUVRQIDPLOLDUZLWKWKH6SDFH7XJVWXG\KDVEHHQXVHGDVDSUR[\VWDNHKROGHUIRUWKHSXUSRVHVRI
WKLV UHSUHVHQWDWLRQDOGHPRQVWUDWLRQ)RU WKHVDNHRIVLPSOLFLW\RQO\ WZRSHUIRUPDQFHDWWULEXWHVKDYHEHHQFKRVHQ
RYHU ZKLFK WKH VWDNHKROGHU FRXOG VWDWH KLV SUHIHUHQFHV 6SHHG DQG DYDLODEOH 'HOWD 9 $IWHU D ILUVWRUGHU YDOXH
HOLFLWDWLRQDQG6LQJOH$WWULEXWH8WLOLW\6$8FXUYHVFRQVWUXFWLRQDQLQLWLDOWUDGHVSDFHZDVGHULYHG)LJDVKRZV
WKLV LQLWLDO WUDGHVSDFH RI GLIIHUHQW 6SDFH 7XJ GHVLJQV HDFK SRLQW LV D GLVWLQFW GHVLJQ DOWHUQDWLYH DVZHOO DV WKH
VWDNHKROGHUSUHIHUHQFHV6$8FXUYHVDVVRFLDWHGZLWKWKLVWUDGHVSDFH
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7KH VWDNHKROGHU ZDV DOORZHG WR LQWHUDFW ZLWK WKH WUDGHVSDFH WKH LQVWDQW IHHGEDFN RI LQIRUPDWLRQ DERXW WKH














SDUW RI WKH 3DUHWR HIILFLHQW IURQWLHU ZKLFK LQFUHDVHV VWDNHKROGHU WUXVW LQ WKH QHZ YDOXH PRGHO 0RUHRYHU WKH
VWDNHKROGHU FRQWLQXHG WR LQWHUDFWZLWK WKHQHZ WUDGHVSDFH IXUWKHUEXLOGLQJ WUXVW LQ WKH FXUUHQWYDOXHPRGHO7KLV
SURFHVV ILQDOO\ OHG WKH VWDNHKROGHU WR WUXVWLQJ WKH UHYLVHG XWLOLW\ FXUYHV DV D PRUH WUXWKIXO UHSUHVHQWDWLRQ RI KLV
YDOXHVKHQFHODQGLQJLQWKHWRSOHIWFRUQHURIWKHPDWUL[LQ7DEOH±LHPRYHPHQWIURP)LJFWR)LJG±DQG



























 Nicola Ricci et al. /  Procedia Computer Science  28 ( 2014 )  294 – 303 303




LQWHUDFWLYH YLVXDOL]DWLRQ LQIOXHQFHV WKH GHOWDV VKRZQ LQ )LJ E DQG LW SURYLGHV SUHOLPLQDU\ IDFH YDOLGLW\ RI WKH
K\SRWKHVLV SXW IRUWK LQ  7KURXJK YLVXDOO\ LQWHUDFWLQJ ZLWK KLV PHQWDO DQG FRQVWUXFWHG YDOXH PRGHOV WKH
VWDNHKROGHUZDVDEOHWRIRUPPRUHWUXWKIXODQGWUXVWHGYDOXHPRGHOV)LJLOOXVWUDWHVWKHFORFNZLVHWUDMHFWRU\WDNHQ
E\WKHVWDNHKROGHUWKURXJKLQWHUDFWLYHYLVXDOL]DWLRQZKLFKXOWLPDWHO\DOORZHGKLPWRPDNHD³JRRGGHFLVLRQ´±LH
RQH EDVHG RQ D WUXVWHG PRUH WUXWKIXO UHSUHVHQWDWLRQ RI KLV YDOXHV )XUWKHU UHVHDUFK ZLOO UHILQH WKH SUHVHQWHG
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